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(57) Claim 

1 . Method for applying a luminous substance that emits visible light when 
stimulated by infrared radiation on an infrared light-emitting diode element, 
characterized in that 

a luminous substance powder that emits visible light when stimulated by 
infrared radiation and a dispersion comprising a resin [in an amount] of 1 to 
10% based on [the amount of] said luminous substance powder and diluted in -,t 
solvent are adhered to that end face of an infrared light-emitting diode elemeni 
having a light-emitting portion, 

then said light-emitting diode element is held in an upside down position, 
and said dispersion is dried in the condition where said luminous substance 
powder concentrates in said dispersion suspended from the bottom end of saic 
light-emitting diode lement, by sedim nting in a downward direction. 
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Detailed Explanation of the Invention 

The present invention relates to a method for applying a luminous substance 
powder on a light-emitting diode element. 

Recently it is being attempted to obtain light-emitting elements capable of 
emitting visible light by applying a luminous substance that emits visible light 
when stimulated by IR radiation (in the following simply referred to as "luminous 
substance"), such as YF 3 : Yb . Er or LaF 3 : Yb - Er. to a light-emitting portion of 
an IR light emitting diode (in the following simply referred to as "LED"), 
generally referred to as a wafer, that is caused to have a light emission in the 
near infrared range by introducing impurities etc. into a gallium arsenide type 
light-emitting diode or the like. 

With this kind of luminous substance, the luminous intensity of visible light 
increases in proportion to a power of the infrared luminous intensity, so that it is 
necessary to increase the stimulation density; in order to obtain an output of 
visible light, the thickness of the luminous substance layer is a problem, which 
in itself is a specialized luminous substance and extremely costly; moreover the 
light-emitting portion of the LED is extremely thin and furthermore extremely 
small, having a square shape with a side length of several hundred microns; it 
is accordingly necessary to coat the light-emitting portion by applying a small 
amount of luminous substance on it in a concentrated manner. 

Therefore, although it is necessary to obtain a luminous substance film with 
high luminance and little scattering of luminance, coating application on a small 
surface is thus extremely difficult. 

Conventionally, brush application or sedimentation methods have been utilized 
for the coating application on such small surfaces. However by such methods ii 
was very difficult to produce with good reproducibility the homogeneous dome- 
shaped coating film on a small surface for a highly efficient output of visible ligh: 
while avoiding full reflection of the infrared radiation from the light-emitting 
portion. 
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The present invention is an innovative application method that solves the 
mentioned problems. In accordance with the present invention, uniformly dome- 
shaped luminous substance coating films are formed on small element surfaces 
with good reproducibility.by making use of the general physical properties of the 
droplet of liquid and of the powder. 

The application method according to the invention is characterized in that a 
luminous substance powder and a dispersion are adhered to that end face of 
an infrared light-emitting diode element having a light-emitting portion, then the 
light-emitting diode element is turned upside down so that the light-emitting 
portion is positioned at the bottom, and the dispersion is dried in the condition 
where the luminous substance powder concentrates in the liquid drop of 
dispersion suspended from the bottom end of the light-emitting diode element 
by sedimenting in a downward direction. 

In the following, the method of the present invention is explained more 
specifically by referring to the figures, 

Onto the end face of a diode 1 having the light-emitting portion, held 
horizontally in accordance with the representation of Fig. 1a f a required amount 
of luminous substance 2 is placed directly (b). 

An appropriate amount of dispersion 3 of a resin or the like as a binder, 
dissolved in solvent, is placed on top of this as a droplet through the narrow 
nozzle of a syringe or the like. 

The applied drop of liquid, while enclosing the powder such as the luminous 
substance placed on the light-emitting end face, assumes a dome^shape 
(hereinafter referred to as "dome") due to the surface tension acting on its free 
surface (cf. (c)). 

As a measure for obtaining this condition (c) apart from the above mentioned 
one, there are, of course, other methods, such as to introduce the luminous 
substance into a dome formed by applying a drop of dispersion in advance, or 
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to mix the luminous substance and the dispersion and rapidly apply them jointly 
as a drop, howev r these methods ar encompassed by the present invention. 

Independently of the method used, the important point is that the dispersion 
encloses the luminous substance powder and forms a dome. 

Once the above mentioned state (c) has been obtained, the whole is rotated 
half a turn to make the free surface face downward. I.e., the LED is turned 
upside down and held horizontal, with the end face having the light-emitting 
portion facing downward. As the luminous substance has a far greater specific 
weight than the dispersion, a powder of luminous substance etc. that is 
enclosed in the droplet of dispersion suspended in a dome shape will be 
sedimented inside the dome-shaped liquid droplet and gather near the apex of 
the dome. The distribution of the powder inside the liquid droplet will thus 
resemble the one in (d). Subsequently the whole is dried at a suitable 
temperature while in this condition (i.e., held horizontal, with the free surface 
facing downward). 

By drying at a suitable temperature, the diluting solvent gradually evaporates so 
that the luminous substance powder together with the resin adheres in a dome 
shape centered on the light-emitting end face of the diode (cf. (e)). 

The diode obtained in accordance with the above method and having a 
luminous substance adhered to it converts the infrared radiation emitted as a 
result of current passing through It into visible radiation, to thereby develop a 
green light of very high luminance. 

Whether the infrared light of the diode is converted into visible light at a good 
efficiency and extracted to the outside, is determined in accordance with the 
above description by the amount of luminous substance placed on the diode, 
the composition of the dispersion comprising resin and solvent, etc.. Luminous 
substance layer, adhesion capability, shape etc. are importance factors. 

The invention shall now be described further so as to elucidate the relevance c 
these relationships. 
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For obtaining maximum efficient output of visible light, th r exists an optimum 
thickness of the luminous substance layer adhered to the diode. Fig. 6 shows 
an example for the relationship between the luminous substance layer 
thickness and the possible output of (relative) emission intensity. 

In this example no binder was employed, but it provided the indication that a 
maximum luminance is obtained in a range of 0.2 - 0.6 mm. Fig. 2 shows the 
relationship between the luminous substance quantity and the possible 
luminous output while changing the amount of luminous substance applied on 
the diode by using several exemplary resins as a binder. Fig. 3 shows the 
relationship between the luminous substance quantity and the measured 
luminous substance layer thickness. 

From the two figures it could be seen that the amount of luminous substance 
required for maximum efficiency output of visible light, i.e. for attaining 
maximum luminance, independently of the kind of resin used is about 2-6 mg, 
with a luminous substance thickness in the range of 0.1 - 0.5 mm. It also 
became clear that the best results with the best reproducibility were obtained ;r 
the range of 2 - 4 mg. 

Suitable binders are those resins that are capable of satisfying the following 
demands: 

© High transparency for outputting visible light, and good weathering 
resistance; 

© a maximum possible refraction coefficient to avoid full reflection due to the 

high refraction coefficient of dome-shaped LEDs; 
(D heat settability for drying in heat, and metal bonding capability; 
® no corrosion to light-emitting end face and lead parts. 

These conditions are satisfied by epoxy resin, acrylic resin, silicone resin, 
polystyrene and polyvinyl alcohol, with the former three being particularly 
preferred. 

It is not easy to determine the required amount of resin even with currently 
marketed resins, whether solid or in solution in a solvent; it was, however, 
found that in any case th minimum quantity required for binding the luminous 
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substance particles to each other and bonding them in the vicinity of the light- 
emitting end face is desirable, and that for each resin a solid amount of approx. 
1 - 10% based on the weight of the luminous substance is most suitable. 

Having selected a resin, there is the problem of kind and quantity of the solvent 
for forming the dispersion. In any case the addition of diluting solvent should be 
adequate for allowing the luminous substance to be freely movable in the 
dispersion, and reducing an excess resin content. 

The solvent is evaporated by drying and thus needs not satisfy the properties 
demanded of the resins. Toluene, acetone, xylene may be named as examples 
for suitable solvents; however the solvent should furthermore include a main 
component having a comparatively high boiling point because.it should 
gradually evaporate during drying in harmony with a respectively used resin. 
When furthermore considering the condition of well dissolving the above 
mentioned resins, toluene and xylene are suited best. As is shown in Figs. 4 
and 5 with regard to their required quantities, when using a commercially 
available resin solution (solid proportion: approx. 50%) they are all preferably 
used in a quantity in the range of 10 - 30 times the weight of the resin, but in 
terms of luminance and reproducibility of the shape of the luminous substance 
layer as well as easy handling, 20 times the weight of the resin is suited best. 

In accordance with the invention, the drying temperature is suitably selected fc 
two stages such that at first the solvent gradually evaporates, and then the 
resin cures. For the first drying step the temperature preferably is from room 
temperature to 100°C, particularly around 70°C, and for the later curing step a 
temperature of approx. 200°C depending upon each respective resin is 
preferred. As is shown in Figs. 2 and 4 with regard to the intensity of visible ligrt 
emission, the light-emitting element of the invention obtained in this way has 
high luminance with good reproducibility. The reason for this is that the 
thickness of the luminous substance coating film, as well, may be obtained ncr - 
the optimum thickness, as is shown in Fig. 6, at good reproducibility, as is 
shown in Figs. 3 and 5. In accordance with the method of the invention, 
luminance is moreover 1 .5 - 2 times as high as with those obtained in 
accordance with the known methods such as brush application, sedimentation 
etc. methods. 
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In accordance with the previously known application methods it is hardly 
possible to efficiently apply a costly luminous substance on a very small part 
with good yield and good reproducibility as in accordance with the method of 
the invention. 

The application method of the present invention furthermore encompasses in- 
application range of applying a luminous substance in a mixture with other 
powders. The technique according to the invention may also be used to apply s 
powder having the purpose of scattering light on the light-emitting end face of 
an LED that emits visible light. 

Application of a resin solution without luminous substance on an applied 
luminous substance in accordance with the application method of the invention 
moreover has the effect of further improved mechanical strength and utilization 
factor. 

In the following, the invention shall be explained in detail by way of examples. 



Example 1 

Silicone resin (SH-805 by Toray Silicone 

(50% solid in xylene as a solvent)) 1 g 

Toluene 1 0 g 

Luminous substance 4 rng 

As is shown in Fig, 1 f the above mentioned luminous substance was placed on 
the light-emitting end face of a diode, and several hundred 100 mg of a mixture 
of the mentioned resin and solvent was deposited as a droplet through a 
narrow nozzle such as of a syringe, so as to form a dome; then the whole was 
rotated half a turn into a reverse horizontal position, dried for about 1 h at 
approx. 60°C, and dried further for about 4 h at approx. 250 e C. 



In this way t the optimum thickness and high luminance in accordance with the 
representation of Figs. 3 and 4 could be obtained. 
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Example 2 



Acrylic resin (Dianal 1034 by Mitsubishi Rayon 
(30% solid in xylene as a solvent)) 
Toluene 

Luminous substance 



1 g 

15g 
3 mg 



As is shown in Fig. 1, the above mentioned luminous substance was placed on 
the light-emitting end face of a diode, and several hundred 100 mg of a mixture 
of the mentioned resin and solvent was deposited as a droplet through a 
narrow nozzle such as of a syringe, so as to form a dome; then the whole was 
rotated half a turn into a reverse horizontal position, dried for about 1 h at 
approx. 60°C, and dried further for about 4 h at approx. 100°C; hereby the 
optimum thickness and high luminance in accordance with the representation of 
Figs. 3 and 4 were obtained. 



Example 3 

Epoxy resin (Epicoat 1004 by Shell Chemical 
(30% solid)) 1 g 

Toluene 10 g 

Luminous substance 3 mg 

As is shown in Fig. 1 , the above mentioned luminous substance was placed on 
the light-emitting end face of a diode, and several hundred 100 mg of a mixture 
of the mentioned resin and solvent was deposited as a droplet through a 
narrow nozzle such as of a syringe, so as to form a dome; then the whole was 
rotated half a turn into a reverse horizontal position, dried for about 1 h at 
approx. 60°C, then dried for about 2 h at approx. 200°C. 

In this way, the optimum thickness and high luminance in accordance with the 
representation of Figs. 3 and 4 could be obtained. 
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Exampl 4 



Silicone resin (SH-808 by Toray Silicone 
(50% solid in xylene as a* solvent)) 
Xylene 

Luminous substance 



1 g 

15g 
4 mg 



The mixture of several 100 milligrams of the above mentioned resin and the 
above mentioned solvent was deposited on the light-emitting end face of a 
diode as a droplet through a syringe, so as to form a dome. After that a 
luminous substance was introduced by injecting ft deeply near the apex of the 
dome and made to sediment on the end face. Then the whole was rotated hair 
a turn into a reverse horizontal position, dried for about 1 h at approx. 60°C and 
further for about 2 h at approx. 250°C. 

Short Explanation of the Figures 

Fig. 1 is a simplified representation of the application method of the invention in 
the order of working. Fig. 2 shows the relationship between the luminous 
substance weight and the luminance of visible light with a defined dispersion for 
an infrared-emitting diode on which a luminous substance for converting IR into 
visible radiation is applied in accordance with the application method of the 
present invention. Fig. 3 relates to Fig. 2 and shows the relationship between 
the luminous substance weight and the coating thickness. Fig.4 shows the 
relationship between the resin solution (commercial product with approx. 50% 
solid resin dissolved in the solvent) / diluting solvent ratio in the dispersion and 
the luminance of visible radiation with a defined luminous substance weight for 
an infrared-emitting diode on which a luminous substance for converting IR into 
visible radiation is applied in accordance with the application method of the 
present invention. Fig. 5 shows the relationship between resin solution / diluting 
solvent ratio specified in Fig. 4 and coating thickness. Fig. 6 shows the 
relationship between thickness of the luminous substance and luminance. 
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(56) Cited lit nature 

Published patent application Sho 46(1971 )-9194 

US patent specification No. 3510732 (Classification 317-234) 

Journal of Electrochemical Society] 116 112], pp. 1718-1722, 69-12 

Fig. 1 
Fig. 2 

Epoxy Acrylic Silicone 

(absc.) Luminous substance weight (mg) 
(ord.) Luminance (fL) 

Fig.3 

Epoxy Acrylic Silicone 

(absc.) Luminous substance weight (mg) 

(ord.) Thickness of applied luminous substance (mm) 

Fig. 4 

Epoxy Acrylic Silicone 

(absc.) Resin solution/diluting solvent (wt. ratio) 

(ord.) Luminance (fL) 

Fig. 5 

Epoxy Acrylic Silicone 

(absc.) Resin solution/diluting solvent (wt. ratio) 

(ord.) Thickness of applied luminous substance (mm) 

Fig. 6 

(absc.) Luminous substance thickness (mm) 
(ord.) Relative luminance (%) 
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